Abstract Let Fq be the finite field with q = p m elements, where p is an odd prime and m is a positive integer. Let u be a positive integer and Tr be the trace function from Fq to Fp. We define a p-ary linear codes
The sequence (1, A 1 , A 2 , . . . , An) is called the weight distribution of C. If the number of nonzero A i with 1 ≤ i ≤ n is equal to t, C is called a t-weight code. The weight distribution is an important research object in coding theory since it can be used to estimate the error correcting capability and the error probability of error detection and correction [15] . For a set D = {d 1 , d 2 , . . . , dn} ⊂ Fq, define a p-ary linear code of length n by
The set D is called the defining set of C D . The construction was first proposed by Ding et al. in [9] and many linear codes with few weights could be produced by chosing appropriate defining sets. (2) and N 1 = 1 or 2. Results show that the two classes of linear codes have two or three nonzero weights, which are of special interest in strongly regular graphs [2] , association schemes [1] and authentication codes [10] . The rest of this paper is organized as follows. In Section 2 we introduce some results about Gauss sums and Weil sums. In Section 3 we investigate weight distributions of linear codes C D and prove that they have two or three nonzero weights. In Section 4 we conclude this paper.
Preliminaries
First we introduce basic facts on Gauss sums used in this paper. For more details on Gauss sums we refer to the book [17] . Let ζp = e 2π √ −1 p be the primitive p-th root of unity. The canonical additive character of Fq can be defined by
The orthogonal property of additive characters is given by x∈Fq χ(ax) = q, if a = 0, 0, otherwise.
Let λ : F * q → C * be a multiplicative character of Fq. Define the Gauss sum over Fq by
The exact values of Gauss sums have been calculated for several particular cases. Let η be the quadratic character of Fq and ηp be the quadratic character of Fp. The quadratic Gauss sums are given in the following lemma.
where p * = (−1)
Now we turn to Weil sums, which are exponential sums of the form
If f (x) = ax 2 + bx, a ∈ F * q , b ∈ Fq, the values of Weil sums are known and given in the following lemma.
In [4, 5] , Coulter gave the valuations of the following Weil sums:
We list the main results of [4, 5] in the remaining parts of this section. 
In this section we investigate weight distributions of C D defined by (1) and (2).
Proof Suppose c
yc (x,y) = 0.
For a, b ∈ Fq, by the orthogonal property of additive characters
where
The Hamming weight of c(a, b) is
where n = |D| is the length of C D and
3.1 N 1 = 1
If N 1 = 1, by formula (4)
So the length of C D is n = p 2m−1 − 1 by (9) and (8) . By formula (6)
(10)
Proof By Lemma 5 and 2
Theorem 1 Let C D be defined by (1) and (2) .
] three-weight linear code with weight distribution given in Table 1 .
Proof Since m is odd, the equation
has an unique solution γ a,b
over Fq. For a, z 2 ∈ F * p , γ a,b is the unique solution of the equation (−z 2 a)
If a ∈ F * p , by Lemma 8, 2 and formula (10)
For (a, b) = (0, 0), combining (7), (3), (9), (5), (10), (11) we have
The three nonzero weights of C D is Table 1 :
By the first two Pless Power Moments ( [14] , p.259) and Lemma 10 we have the following equations 
For (a, b) = (0, 0), combining (7), (3), (9), (5), (10), (13) we have 
The three nonzero weights of C D is
Solving the equations (12) we get the weight distribution given in Table 2 .
Theorem 3 Let C D be defined by (1) and (2) .
] three-weight linear code with weight distribution given in Table 3 .
is the unique solution of the equation
If a ∈ F * p , by Lemma 8 and formula (10)
For (a, b) = (0, 0), combining (7), (3), (9), (5), (10) , (14) we have
The three nonzero weights of C D is 
Solving the equations (12) we get the weight distribution given in Table 3 .
Proof The map
is Fp-linear. By Lemma 7, the equation X Theorem 4 Let C D be defined by (1) and (2) .
] three-weight linear code with weight distribution given in Table 4 .
Proof Since 
If a ∈ F * p , by Lemma 9 and formula (10)
or
For (a, b) = (0, 0), combining (7), (3), (9), (5), (10), (15), (16) we have
has no solution over Fq,
So W H (c(a, b)) = 0 iff (a, b) = (0, 0) and the dimension of C D is 2m. Table 4 :
. Solving the equations (12) we get the weight distribution given in Table   4 .
. where w min and wmax denote the minimum and maximum nonzero Hamming weight respectively [20, 3] . It is easy to check that if m is large enough, the condition holds for all linear codes in this paper. There are two surveys on two-weight codes [2] and three-weight codes [8] . A number of two-weight and three-weight linear codes were presented in [7, 16, 11, 12, 19, 13, 18, 22, 6, 21] . It would be interesting if more linear codes with few weights can be presented.
If

